Forum
Local resource competition and sex ratio variation in birds Patrick J. Weatherhead, Department of Biology, Carleton University, Ottawa, Ontario KJS 5B6 Canada Robert Montgomerie, Department of Biology, Queen's University, Kingston, Ontario K7L 3N6 Canada
We take issue with a recent study by Gowaty (1993) that finds evidence in support of the idea that fledgling sex ratios in birds are influenced by Local Resource Competition. After controlling for the lack of independence among species due to shared phylogeny, we show that the relation between fledgling sex ratio and natal philopatry in birds is far from statistically significant. From a theoretical perspective, the documented low rate of natal philopatry in birds also makes it unlikely that parents and their offspring will often compete for resources on the breeding grounds. Thus we argue that there is neither empirical nor theoretical support for the LRC hypothesis to explain tertiary sex ratio variation in birds. Gowaty (1993) recently proposed that biased fledging sex ratios in birds might be influenced, at least in part, by competition for resources between parents and their grown-up young. Where offspring of one sex compete more with their parents than offspring of the other sex, parents would benefit from producing an excess of the sex that competes less (Clark 1978) . In birds, differences in the amount of competition parents might experience from offspring of the two sexes could arise because of different levels of philopatry by sons and daughters.
It has long been known that natal philopatry is generally female-biased in waterfowl (Anseriformes) and male-biased in songbirds (Passeriformes). Given this general pattern, Gowaty (1993) predicted that fledging sex ratios would be male-biased in waterfowl and female-biased in passerines if the LRC hypothesis was correct, and concluded that the available data were consistent with this hypothesis. We show here that the data compiled by Gowaty (1993) do not provide convincing support for the LRC hypothesis when we control for the lack of independence among closely-related species (Harvey and Pagel 1991). Analytical problems notwithstanding, we also discuss why a basic assumption of the LRC hypothesis is unlikely to obtain in birds.
Problems with analysis
To test the LRC hypothesis, Gowaty analyzed the sex ratio bias in waterfowl and passerines at both the species (n = 6 and 12, respectively) and family (n = 2, 6) levels, the latter ostensibly to help control for the lack of independence among species. Her analysis assumes that natal philopatry is female-biased in Anseriformes and malebiased in Passeriformes. The available data on 6 waterfowl and 4 songbird species (Gowaty 1993, Table 3) generally support this assumption, although one songbird Campylorhynchus nuchalis did have female-biased natal philopatry.
Gowaty found the predicted patterns in fledging sex ratios for waterfowl and passerines. However, in her dataset, all species with the same sex ratio bias are also more closely related to each other than to any species with a different sex ratio bias. Such species cannot be considered independent for the purposes of this analysis (Harvey and Pagel 1991). Thus, the association between the bias in fledging sex ratios and sex-biased philopatry could well be attributable to common ancestry. Gowaty's analysis of data at the family level does not solve the problem because of a similar lack of independence among families. The comparison of average sex-ratio bias in just waterfowl and passerines is a comparison of only 2 taxa and cannot reject any null hypothesis. Even if passerine sex ratios are significantly female-biased at fledging while waterfowl sex ratios are significantly male-biased, this match with the prediction of the LRC hypothesis is interesting, but the probability that this pattern might be due to chance alone cannot be <0.25.
We can control for phylogeny in analyzing the relationship between fledgling sex ratio and the sex bias in natal philopatry using Maddison's (1990) concentrated changes test. This test is used to determine the probability that changes in a presumed dependent variable (in this case fledging sex ratio) within a phylogeny are randomly distributed with respect to an independent variable (sex bias in natal philopatry) and permits us to extend the analysis to a wider variety of species than just waterfowl and passerines. A low probability obtained from this test sex-biased natal philopatry would suggest that fledging sex ratio is influenced by the sex bias in natal philopatry as predicted by the LRC hypothesis.
We applied this test to data compiled by Gowaty (1993, Tables 1 and 3) on 16 species for which both fledging sex ratios and natal philopatry were known (Fig. 1) . This dataset included 10 of the waterfowl and songbird species analyzed by Gowaty and an additional four hawks and falcons (Falconiformes), a grouse (Galliformes) and a woodpecker (Piciformes). To construct a phylogeny for these taxa, we used Livezy (1986 Livezy ( , 1991 and Sibley and Ahlquist (1990) .
Our analysis shows that the distribution of species with male-biased sex ratios is not significantly different from random relative to the sex-bias in natal philopatry (P = 0.43). It is clear from Fig. I that evolutionary changes in sex ratio bias do not correspond to changes in natal philopatry in a consistent fashion. While it might be argued that some of the trends discussed by Gowaty, particularly in the waterfowl and songbirds, are at least consistent with the LRC hypothesis, our new analysis shows that such consistency is no better than would be expected by chance alone. It should be noted that the statistical power of this test is relatively low due to the small number of transitions between character states. However, even with this number of transitions a significant result was possible. Nonetheless, given the small number of species for which data on both natal philopatry and fledging sex ratios are available, the most parsimonious interpretation would seem to be that the LRC hypothesis is not convincingly supported or rejected by the available data.
Gowaty also proposed that the LRC hypothesis would predict latitudinal variation in fledging sex ratios within species if dispersal probabilities also varied with latitude. While conceding that no data were available on latitudinal patterns of philopatry, she found the latitudinal variation in fledging sex ratios for Red-winged Blackbirds Agelaius phoeniceus 'intriguing' with regard to this prediction 
Problems with assumptions
An obvious difficulty with testing the LRC hypothesis is the paucity of appropriate data currently available. Regardless of the patterns that emerge as more data become available, however, there is reason to believe that the LRC hypothesis will not explain those patterns even if the data are consistent with the hypothesis. The degree of natal philopatry is sufficiently low in most birds that local resource competition should not influence fledging sex ratios. When natal philopatry is low, there is little opportunity for competition among kin and therefore little, if any, selection favoring mechanisms for parents to modify sex ratios.
An example of this problem is provided by a long-term study of Red-winged Blackbirds in eastern Ontario (PJW, unpublished data) that shows that there is little or no competition between parents and their grown-up offspring, in spite of male-biased natal philopatry. Between 1985 and 1992, breeding populations were studied on several isolated marshes, each separated from one another by at least 0.5 km. Because, in general, males only become territorial after two years, while females breed at age one, we considered only the 1425 nestlings banded between 1985 and 1990, and resighted as breeding adults between 1987 and 1992, so that male and female data would be comparable. Overall, 15 (1.1%) males and 6 (0.4%) females banded as nestlings were seen again as breeding adults. Of those, only 10 of the males and two of the females bred on the marsh from which they had fledged. Analyzed by year, males that returned to their natal marsh comprised approximately 10% of the territorial males on all marshes. For individual marshes, the modal number of territorial males that came from nests on the marsh was zero. Therefore, although Red-winged Blackbirds have male-biased philopatry and female-biased fledging sex ratios as required by the LRC hypothesis, the potential for local resource competition between parents and their offspring is negligible.
Do parents compete sufficiently with their offspring, or siblings with each other, to make the LRC hypothesis generally applicable? Few data are available to answer this question directly, but indirect evidence suggests that the answer is no. In a recent survey of natal philopatry in passerines, Weatherhead and Forbes (1994) found that approximately 60% of species had fewer than 5% of their nestlings return to the natal study area to breed. Even in those relatively rare instances when offspring return to the natal study area, the occurrence of competition between parents and offspring will depend upon the location on the study area where those offspring settle. For that reason, simply recording the number of individuals that return to their natal study area almost certainly overestimates the opportunities for competition between parents and their offspring. Therefore, competition among relatives will be very rare, so local resource competition is unlikely to contribute to observed patterns of sex ratios, even in conjunction with other factors.
Alternative explanations for biased sex ratios For size dimorphic birds, the differential cost of sons and daughters provides the most general explanation for both interspecific and intraspecific variation in the fledgling sex ratio (Weatherhead and Teather 1991). For example, the proportion of offspring that were male in Red-winged Blackbirds prior to hatching, averaged over three years, was 49.1% (Weatherhead 1983 (Weatherhead , 1985 , while the sex ratio at fledging, averaged over four years, was 46.9% (Weatherhead and Teather 1991). This indicates that the femalebiased fledging sex ratio arose through higher mortality of male nestlings, the larger and more costly sex to raise (Fiala and Congdon 1983) . A similar sex ratio bias is seen in other birds in which males are the larger sex and has been argued to be a non-adaptive consequence of sexual size dimorphism that has arisen through sexual selection (Weatherhead and Teather 1991).
Conclusions
We conclude that neither the assumptions underlying the LRC hypothesis nor the predicted patterns are supported by the data currently available. As noted by Gowaty (1993) , there are still few data available on fledging sex ratios in birds, despite more than half a century of interest in this topic. We agree with her suggestion that more attention be given to any clearly documented sex ratio biases in size-monomorphic species because this will be an interesting problem worthy of further study. However, the arguments presented here suggest that the LRC hypothesis will not prove useful in understanding sex ratio variation in either monomorphic or dimorphic birds.
